INTRODUCTION
In summer honeybee colonies consist of some thousands of larvae and pupae, workerbees, some hundreds of drones and the queen. Drones and queens are responsible for the reproduction. A mated queen can lay eggs over several years. The drones die after copulation. After the first day following emergence the workers run through a system of division of labour, starting with cleaning, brood and queen care, comb building (including wax synthesis), food preparation and storage, and finally defence of the colony and foraging for nectar, pollen, water and resin (simplified after Rösch, 1925; Lindauer, 1952; Free, 1965; Seeley, 1982; Kolmes, 1985) . This succession is not strictly age dependent, but is modified by factors such as genetics (Calderone and Page, 1988; Rothenbuhler and Page, 1989) , by juvenile hormone (Robinson, 1987; Huang and Robinson, 1992) , the needs of the colony (Ribbands, 1952) , environmental conditions or food availability.
In addition to the dance language (von Frisch, 1965) and pheromones (Free, 1987; Winston, 1987; Winston et al., 1989 Winston et al., , 1990 Winston et al., , 1991 Higo et al., 1992) , trophallactic interactions -the donating of food from one bee to another one -is an important factor in making the complex social community work (cf. Free, 1959) .
TROPHALLACTIC BEHAVIOUR
The trophallaxis behaviour between workers is described in detail by Free (1956, 1957a) and Korst and Velthuis (1982) . A recipient asks for food by protruding her tongue towards the mandibles of another bee, termed the donor if the contact leads to a transfer. The antennae of the recipient are directed towards the donor. The donor's antennae are kept more or less downward and close to the head. The antennae of both animals touch each other frequently (Istomina-Tsvetkova, 1960) . This antennal contact is important (Montagner and Pain, 1971) ; if it is hindered by partial or total amputation, the success of transfer is reduced (Free, 1956; Pain et al., 1978; Galliot and Azoeuf, 1979) . A donor may offer food with or without being asked. A food droplet, the size of which may vary, is kept between the mandibles and the prementum, and is sucked by the recipient's tongue. A transfer to a worker might last from a few seconds up to some minutes (IstominaTsvetkova, 1960 ; Korst and Velthuis, 1982) . It can be very fast, maximum speed of transfer was observed with 1.6 &mu;L per second (Farina and Nunez, 1991) . But in cage experiments even if attempts last more than 10 s, they are not necessarily successful (Korst and Velthuis, 1982) . Korst and Velthuis (1982) (Allen, 1955) . Allen (1960) reported an average feeding duration of 44 s during the breeding season. The feeding of drones looks similar to the feeding of workers (Othani, 1974 (von Frisch, 1965) . During and after this, they give the content of their crop preferentially to younger hivemates, to food-storer bees (Doolittle, 1907; Michener, 1974; Seeley, 1989) who again can give a part to other bees, but mainly deposit it into cells (Rösch, 1925) . Later, this nectar is processed into honey. Nixon and Ribbands (1952) (von Frisch, 1965; Nu&ntilde; ez, 1970; Brandstetter et al., 1988; Farina, 1996) . During periods when the colony needs a lot of water, foragers can fly up to 2 km to collect it (Visscher et al., 1996) . Some individuals might even specialise in water collection (Robinson et al., 1984) . This water is transferred to other bees in the colony by trophallactic contacts and is deposited into cells (Park, 1923; von Frisch, 1965) . It is used for several purposes, such as: to dilute honey in spring when brood rearing increases, to thermoregulate the colony during hot seasons (Park, 1946) and as a reserve if the metabolic water produced by a bee does not fully cover its needs (Louw and Hadley, 1985) .
The food given to the brood consists of glandular secretions (hypopharyngeal glands and mandibular glands) and can also contain honey and pollen (Armbruster, 1960; Hanser and Rembold, 1964; Rembold, 1974; Kunert and Crailsheim, 1987) . The proteinaceous part of the glandular secretions is produced by the hypopharyngeal glands (Brouwers, 1982;  Lensky and Rakover, 1983; Knecht and Kaatz, 1990; Takenaka et al., 1990) . When nurse bees are injected with a 14 C labelled amino acid, they subsequently incorporate this amino acid into the proteins of their hypopharyngeal gland (Crailsheim, 1990a) . This protein is shared afterwards. Depending on the size of the colony, the age demography and the presence of drones, the queen, the drones and all age classes of workers receive quantities that can exceed all together the amount given to the brood (Crailsheim, 1991 (Crailsheim, , 1992 .
Considering the fact that drones were usually provided by the same bees that also supply the brood with jelly, especially during periods when drones were not taking any food from the combs themselves, it is not surprising that they were also fed jelly. This was previously hypothesised by Free (1959 Together with protein (Rutz and Lüscher, 1974; Crailsheim, 1991) all of the queen's nutritional requirements (Allen, 1955 (Allen, , 1960 Haydak, 1970) are given to her by bees in her court (Allen, 1960; Free et al., 1992 Blom, 1992) . As she is on the brood nest most of the time in the breeding season, the bees feeding her will mostly be nurse bees (Prepelova 1928; Allen, 1955) .
A queen can also survive isolated and feed herself (Wei&szlig; , 1967) . In colonies significant self provisioning by the queen is only reported when she is not yet mated (Butler, 1954) or not laying at the moment (Prepelova, 1928 (Free, 1957b; Örösi Pal, 1959; Mindt, 1962) . In colonies workers of all ages do so (Free, 1957b) , but preferentially nurseaged bees care for them (Prepelova, 1928) .
In an arena experiment when only worker had access to food, drones were kept alive for the longest periods when the workers were 10 days old (Alpatov and Saf'yanova, 1951) . Drones ask for food from workers and from other drones, but from the latter no rewarding was observed (Ohtani, 1974) . As seen in some experiments, young drones (Wachsmann and Crailsheim, 1994) , and drones of all ages (Prepelova, 1928) were not observed taking food themselves from the combs. Probably all nutrients needed are fed to them [as is known for proteins (Crailsheim 1991 (Crailsheim , 1992 ]. Reports about independent food consumption of older drones are not uniform. In arena experiments, fed drones regurgitated small amounts of previously ingested sugar water and deposited it on the ground, but genuine feedings from drones to workers were never observed (Hoffmann, 1966) .
Honeybee queens provide pheromones that mediate and integrate the worker's activities (Velthuis, 1972 (Velthuis, , 1985 Slessor et al., 1988 Slessor et al., , 1990 Kaminski et al., 1990;  Keller and Nonacs, 1993; Engels et al., 1997). These pheromones are not only evaporated and transferred by antennal contacts (Seeley, 1979; Ferguson and Free, 1980; Naumann et al., 1991) , but also distributed upon their body surface. From there they are licked by bees surrounding the queen, the royal court (Allen, 1955) . As individuals of the colony participate in the trophallactic flow, pheromones are distributed to all hive members in this way (Butler, 1954) , although the transfer by antennal contact seems to be the most effective and fastest manner.
FACTORS INFLUENCING THE TROPHALLACTIC FLOW
The location of the bees inside the hive differs with their age and their position within the system of division of labour (Free, 1960; Seeley, 1982 (Pershad, 1967) . Furthermore, different amounts (Free, 1957a; Montagner and Galliot, 1982) (IstominaTsvetkova, 1960) .
In more recent experiments (Crailsheim et al., 1996) (Farina, 1996) .
As discussed above, foragers take food when starting on a foraging flight. If they already know the distance of their destination, they provide themselves according to this distance (Beutler, 1950; Istomina-Tsvetkova, 1960; Brandstetter et al., 1988 Starting from the second day after emergence workers can feed the queen (Allen, 1960 (Allen, 1960 (Free, 1957b; Örösi Pal, 1959) and were never seen to eat pollen (Prepelova, 1928; Szolderits and Crailsheim, 1993; Wachsmann and Crailsheim, 1994) . When food becomes rare and/or weather is becoming colder in late summer, the care for the drones is reduced and finally stopped (Free and Williams, 1975 (Alpatov and Saf'yanova, 1951) . When drones were bred in winter in a special experimental setup, arena experiments showed that they were fed less than in summer (Roger et al., 1987 (Pfeiffer and Crailsheim, 1998 Wittmann, 1981) are distributed very efficiently to all members of a colony including the brood. This efficient distribution may also be used for the benefit of the bees when drugs against diseases or ectoparasites are applied (Moritz, 1984; Buren et al., 1992; 1993 and workers (Moritz and Crailsheim, 1987) lack sufficient levels of proteolytic enzymes. That might be the reason that they do not consume much pollen Crailsheim et al., 1992; Wachsmann and Crailsheim, 1994) . Nevertheless, during this period drones and workers (Haydak, 1937) Crailsheim, 1987) ; so does the queen who is fed most intensively during the period she is laying eggs (Allen, 1960 (Allen 1960) , her daily production almost equals her own weight per day, but Nolan (1925) reports even more than double this egg laying rate. Her egg laying activity depends on the feedings of the workers. Not only the queen has a great need for protein, also forager bees have considerable protein turnover rates. The half-life of their protein is only 11-13 days (Crailsheim, 1986) , and even this age class lacks sufficient intestinal proteolytic activity (Moritz and Crailsheim, 1987) and does not consume pollen to any significant extent (Morton, 1951; Crailsheim et al., 1992) . To meet their needs for protein they are fed by other worker bees including 9-day-old nurses (Crailsheim, 1991 (Crailsheim, , 1992 and older bees than these provide it (Hrassnigg and Crailsheim 1996). As foragers do not have significant amounts of pollen in their gastrointestines, they save weight which is important for a bee whose main duty is flying. The weighty pollen in the midgut of nurses amounts to 4 mg .
Sharing of protein does not have only nutritional importance (Crailsheim, 1990b) (Free, 1957b) . Workers, emerging from their comb in an incubator, which are kept without nurses, do not develop well (Crailsheim and Stolberg, 1989) . They have drastically reduced levels of amino acids in their haemolymph (Crailsheim and Leonhard, 1997 (von Frisch, 1965) , but also by variation of trophallaxis. Since the effectivity of transfer, from foragers to other foragers and to workers with different functions in the hive depends on crop load, quality and flow rate of the food (all parameters indicating profitability) (Farina and Nu&ntilde; ez, 1991; Farina, 1996) (Seeley and Towne, 1992) . With increasing profitability of the food source (depending on sugar concentration and distance) the body temperature of the donor is higher (Stabentheiner, 1996) . Foragers, collecting sucrose solution of 0.5 or 2 molar from a distance of 120 m, differ in their thorax temperature by more than 2 °C. With increasing distance, when a constant concentration is fed, the temperature decreases. As the transferred solution is donated from the crop in the abdomen and has to pass the heated thorax and head, the temperature of the solution depends on the body temperature of the donor. Thus the temperature of the exchanged food might provide additional information about the profitability of the food source for the recipient (Stabentheiner et al., 1995) .
Not only the character of the donations but also the asking for food by the prospective recipient provides information. The willingness of food storer bees to take the nectar depends on the easiness to store it. Such willingness is a signal for the foragers to increase or to decrease nectar foraging (Seeley, 1989; Seeley and Tovey, 1994) or even to perform dances (Nu&ntilde; ez, 1970) . A lack of food storers but not reserves of stored honey seem to reduce nectar foraging activity (Fewell and Winston, 1996) . The collection of water seems to be regulated in a similar manner (Lindauer, 1954 (Crailsheim, 1992 . This information about stores and needs for nutrients are of enormous importance for the regulation of egg laying by the queen (Allen, 1960) , the brood care (Fewell and Winston, 1992) and the decision making process of what, if anything, a forager is going to collect (Seeley, 1989; Camazine, 1993, Fewell and Winston, 1996; Camazine et al., 1998 
